The goal of this case study is to demonstrate the use of event-handling, winforms, simple graphics and the observer pattern and show these in action in an interesting and fun simulation.
The simulation of a traffic grid consisting of 16 lanes of cars (8 roadways with two lanes in each roadway) controlled by 15 traffic lights forms the basis of this case study. The traffic grid is shown in Figure 1 below. 
MATHEMATICAL MODEL OF THE ARRIVAL PATTERN OF CARS INTO THE 16 LANES
In the world of traffic control modeling, a Poisson probability distribution has long been used to represent the arrival pattern of cars on a roadway. One of the most important and fundamental aspects of a Poisson process is that the number of events (arrival of cars into a given lane in this case) that occur within a specified time interval is totally independent of the number of events that have occurred in a previous time interval. The only factor that influences the number of events that occur within a specified time interval is the average number of arrivals -the single parameter that completely characterizes the Poisson distribution. This is often referred to as the "memoryless" property of a Poisson distribution. For a more detailed look at the mathematical properties of Poisson distribution, see http://en.wikipedia.org/wiki/Poisson_process.
As is well known, if the probability of the number of arrivals within a specified interval of time is given by a Poisson probability distribution function (pdf), the time between successive arrivals (cars in a given lane in this case) is given by an exponential probability distribution.
This exponential pdf is given by:
Here λ represents the average number of cars that arrive / second. The cdf provides the probability that an arrival occurs within t seconds of the previous arrival. The higher the arrival rate λ, the more likely (probability closer to 1) an arrival for a given value of t.
COMPUTER IMPLEMENTATION OF POISSON ARRIVAL PROCESS
To generate an exponentially distributed interarrival time generate a uniformly distributed random number from 0 to 1, say U (0 < U < 1). See, http://engineering.dartmouth.edu/~eric/engs027/outlines/19DiscrEvSim.pdf#search='Simul ating%20a%20Poisson%20process' Solve the equation,
The solution is:
Since (1 -U) has the same distribution as U, we can simplify the result ,
This leads to the method, public void SetTimeOfNextArrival(double currentTime, double arrivalRate) { timeOfNextArrival = currentTime + Math.Log( Constants.rnd.NextDouble()) / (-arrivalRate) }
CAR FOLLOWING MODEL
The following description is quoted from the paper:
http://tomfotherby.com/Contents/Education/Project/finalReport.pdf "The simplest mathematical car-following model is linear. This means that as long as there's no obstruction (another car or a red light) in front of a vehicle, it will travel at the speed limit of k kilometres per hour. J OURNAL OF OBJECT TECHNOLOGY V OL. 5, NO. 4 If a car gets within a distance of L metres from an obstruction, it will reduce its speed proportionally to that distance. If a car gets within a distance of l metres from an obstruction, it will stop altogether.
Let x denote the distance in metres between two cars (measured from the front of one to the back of another, or between the front of one car and a red light ahead).
The speed v of the car is:
In the second case, l < x < L, we're assuming the car changes speed proportionally to changes in distance, so that v is given by a "linear" function of x (the graph of v as a function of x is a straight line). This means that v = mx + c for two constants m and c. These constants can be determined from the two conditions: 1. v=0 when x=l 2. v=k when x=L;
These three numbers (k, l, and L) therefore, completely determine the traffic behavior. The design decision to use the simplest model possible allows the project a wider scope in other aspects, however the model suffers in realistic factors such as drivers' reaction times, or limits to how fast a car can brake or accelerate."
COMPUTER IMPLEMENTATION OF CAR-FOLLOWING MODEL
The following method is based on the linear car-following model presented above. Some modifications have been made. 
THE TIMING PATTERN OF THE 1TRAFFIC SIGNALS
There are two options that will be used to control the traffic signals. The fixed cycle option has all 15 lights turning green at the same time, remaining green for a fixed and specified duration, and then turning amber for a short fixed period and then turning and staying red for a specified duration. This is typical of many intersections. The only real control is the specification of the duration of the green and red signals in each direction.
The second option involves automatic control of each traffic signal. Here, each traffic light operates independently of all the other traffic lights. The duration of green in the eastwest/west-east directions, assumed to carry most of the traffic volume is based on an algorithm developed by Richard Wiener. This algorithm is given as follows: J OURNAL OF OBJECT TECHNOLOGY V OL. 5, NO. 4
For a given light that is green in the EW/WE direction:
(1) Must stay green for at least 15 seconds.
(2) Cannot stay green for more than 90 seconds.
(3) If the number of cars waiting in either red direction equals 10 or more or the total number of cars in the red directions equals 16 or more, changes from green to red. (-) A platoon is a sequence of three or more cars where the separation from the front of one car to the front of the car ahead of it is equal or less than 1.5 longDistanceThreshold (48 feet). (4) After the light has been green for its minimum of 15 seconds (exactly 15 seconds) in the EW/WE direction: identify platoons upstream of the light but after the previoius light. Identify the last car in the most upstream platoon in each dirction and mark these cars. Look in both green directions in making this determination. When both cars get through the intersection, the light turns red (assuming that constraints 2 and 3 are met). If no platoons are identified in either direction upstream at 15 seconds into the green cycle, the green immediately turns red. Note: Platoon identification is performed only once at exactly 15 seconds into the green cycle.
In the NS/SN direction, the light stays green for only 12 seconds independent of traffic since the traffic flow is assumed to be much lighter in these directions. The desired speed is uniformly distributed from 75 percent to 125 percent the speed limit. The variance of desired speed is what leads to the formation of platoons.
IMPLEMENTATION OF TRAFFIC SIGNAL ALGORITHM AND OTHER SUPPORTING CLASSES
Class TrafficLight is given as follows: The GUI is constructed using Visual Studio .NET 2005 using simple and frequently used components. Key input parameters are available for the user to modify with useful default values supplied. Output is presented as the simulation evolves.
A screen shot of the GUI and the simulation in action is shown below.
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Portions of class TrafficLightsUI are presented below.
using System; using System.Collections.Generic; using System.ComponentModel; using System.Data; using System.Drawing; using System.Text; using System.Windows.Forms; using System.Threading; using System.IO; 
